We were able to isolate Bacillus thuringiensis from environmental samples with a background of 109 bacteria per g of soil. Our selection process differed significantly from classical selection methods which permit only the desired organism to grow. In our process, germination of B. thuringiensis spores was selectively inhibited by sodium acetate, while most of the undesired sporeformers germinated. Next, all of the nonsporulated microbes were eliminated by heat treatment at 80TC for 3 min. The surviving spores were then plated on a rich agar medium and allowed to grow until they sporulated. Of random colonies picked from agar, 20 to 96% were crystal-forming BaciUus species. B. thuringiensis and B. sphaericus were routinely selected by this method.
further enlargement of the market for B. thuringiensis is limited now by a lack of new insecticidal strains.
The normal method for the isolation of these bacteria is to look for diseased or dead insects in insectaries or in areas with high levels of insect infestation (7) . One major excep- tion to this approach was a study (3) of the distribution of B. thuringiensis strains in soil in the United States. B. thuringiensis represented between 0.5 and 0.005% of all Bacillus spp. isolated from the soil samples tested. In this study, the selective medium described by Saleh et al. (9) was used to reduce the number of non-Bacillus organisms from soil samples. This medium employed polymyxin B sulfate (5 ppm [5 ,ug/ml] ) and penicillin G (4 ppm [4 ,ug/ml] ) as the basis for selection. Saleh et al. (9) proposed that their method could detect B. thuringiensis to a lower limit of 1,000 bacteria per * Completed media were incubated in tubes at 30°C for 24 h before being used to monitor sterility. After the sterility check was completed, the media were inoculated and incubated at 30°C. After incubation, the tubes were checked visually by a comparison of uninoculated and positive control tubes. A large inoculum (5 x 107 CFU) was used, which prevented optical density determinations to estimate growth. Therefore, germination was determined by pellicle formation at the surface and by turbidity of the medium after overnight incubation. Spores which did not germinate settled out overnight.
To isolate B. thuringiensis from dirt, 0.5 g of dirt was added to 10 ml of L broth in a 125-ml triple-baffled flask. The L broth was buffered with 0.25 M sodium acetate. This mixture was shaken for 4 h at 250 rpm at 30°C. At the end of this time, a sample was taken, heat treated as described above, plated on L agar, and grown overnight at 30°C. A random sample of colonies was picked onto T3 medium (agar dots; 6) and allowed to sporulate overnight at 30°C. Cultures were then checked for the presence of crystals, which was the criterion used to confirm isolates as B. thuringiensis.
RESULTS
Thirty-seven strains of sporeforming bacteria were tested for their ability to germinate in acetate-buffered medium. Of 
DISCUSSION
The method reported here, a novel single-plate method, can select B. thuringiensis spores at a level below 100 spores per g of soil. This selection method eliminates most sporeforming bacteria and all nonsporeforming organisms in a soil sample. The method allows the spores of unwanted bacterial species to germinate while preventing the desired bacteria from germinating. The unwanted bacteria, which enter the vegetative state, are eliminated by a controlled heat treatment. This procedure also allows the detection of desired organisms that would otherwise be eliminated if antibiotics were used as a selective factor.
Of the six non-B. thuringiensis sporeforming Bacillus spp. tested, only B. sphaericus responded similarly to the B. thuringiensis strains. This bacterium, although devoid of a parasporal crystal, also has insecticidal properties (12) . B. cereus, the bacterium most closely related to B. thuringiensis (11) , germinated in 0.25 M acetate-buffered medium, and therefore the resultant vegetative cells were eliminated by heat treatment in our procedure.
Forty B. thuringiensis strains were tested for their ability to germinate in media with various concentrations of sodium The present study illustrates the advantage of a selection method based on inhibition of growth for desired bacteria under conditions that permit other microorganisms to develop stages sensitive to a subsequent lethal treatment. The desired bacteria are preserved because they remain in a quiescent state. In a logical extension of this principle, the novel selection method described here could be used for isolating specific types of bacteria. New selective media for use with this process are under development in this laboratory.
